Purpose. To develop a comprehensive Cervical Spine Injury Recovery Prediction Scale (CSIRPS) to predict outcomes for patients with acute subaxial cervical spine injury (CSI). Methods. 42 men and 18 women (mean age, 41 years) with acute subaxial (C3-C7) CSI and a neurological deficit were evaluated clinically and radiologically after crutch-field skeletal traction. The comprehensive CSIRPS comprised 5 predictor variables: American Spinal Injury Association (ASIA) impairment scale, maximum cord compression, maximum canal compromise, signal intensity pattern in the cord, and Cervical Spine Injury Severity Score (CSISS). Point values of each predictor were weighted based on consensus and experience, and the total effect was computed using the CSIRPS. A receiver operating characteristic (ROC) curve was plotted with the CSIRPS data to obtain the critical value that can predict walkers from non-walkers.
INTRODUCTION
The correlation of clinical and radiological signs with neurological recovery after acute cervical spine injury (CSI) has been individually studied, but few attempts have been made at a comprehensive correlation of all these variables. We therefore developed a comprehensive Cervical Spine Injury Recovery Prediction Scale (CSIRPS) to predict outcomes, using the combined correlation of 5 predictors of neural recovery. They included (1) the American Spinal Injury Association (ASIA) impairment scale, 1 (2) maximum cord compression, 2 (3) maximum canal compromise, 2 and (4) magnetic resonance imaging (MRI) signal intensity pattern in the cord, 3 and (5) the Cervical Spine Injury Severity Score (CSISS) for stability on radiographs or computed tomography (CT). 4 
MATERIALS AND METHODS
From 2006 to 2009, 42 men and 18 women (mean age, 41 years) with acute subaxial (C3-C7) CSI and a neurological deficit underwent crutchfield skeletal traction based on the guidelines of Advanced Trauma Life Support. The decision for conservative treatment was made by the patient or surgeon. After stabilisation, patients were clinically and radiologically evaluated. Informed consent was obtained from each patient. Approval was obtained from the relevant institutional review board.
Patients with other life-threatening conditions, concomitant fractures in other parts of the spine, pathological fractures, or penetrating spinal cord injuries were excluded, as were pregnant females, patients without a neurological deficit, and those in whom MRI was contraindicated.
The leading injury mechanism was road traffic accident (n=28), followed by fall from a height (n=26). The C4 vertebral level was involved in 4 patients, C5 in 26, C6 in 18, and C7 in 12. The mean follow-up period was 15 (range, 12-28) months.
According to ASIA, key muscle power was measured using 10 paired myotomes in a rostrocaudal sequence and graded on a 6-point (0-5) scale. 5 The requisite sensory tests for 28 dermatomes are listed on the ASIA chart. 6 Appreciation of pin-prick and light touch was separately graded on a 3-point (0-2) scale. 5 Peri-anal sensation and voluntary contraction of the external anal sphincter were examined digitally. The neurological examination was graded according to the ASIA impairment scale (A to E). 1, 5, 6 Anteroposterior, lateral, and shoulder pulldown (if necessary) radiographs of the lower cervical spine were obtained. CT was obtained with patients placed in a supine, head-first position without use of intravenous contrast. Two-dimensional multiplanar (true axial, sagittal and coronal) scans were re-created. The smallest mid-sagittal diameter of the spinal canal at the level of injury was measured. The normal diameter of the canal was estimated by averaging the diameters at adjacent levels just above and below the injured level. Left and right para-sagittal views were taken to assess facet joints.
Maximum For MRI signal intensity patterns of the spinal cord on T1-and T2-weighted images, 3 type 0 pattern (normal) indicated no signal abnormality despite neurological deficit, whereas type 1 pattern (focal oedema) and type 2 pattern (extensive oedema) indicated normal T1-weighted images and hyperintense on T2-weighted images involving one segment or less and more than one segment, respectively. Type 3 pattern indicating intramedullary haematoma was inferred from hypointense areas on both T1-and T2-weighted images. 3 The CSISS evaluates both ligamentous and osseous injury on radiographs or CT for stability of the cervical spine. The cervical spine was divided into 4 columns: anterior (the anterior and posterior longitudinal ligaments, vertebral body, intervertebral discs, uncinate process, and transverse process), posterior (laminae, the spinous processes, the posterior ligamentous complex and the ligamentum flavum), and lateral on each side (the pedicle, the lateral masses, superior and inferior articular processes, transverse processes and facet capsules). Each column was scored from 0 to 5; higher values indicated more severe injuries. 4 Baseline values of the CSIRPS were computed after the 5 predictors were weighted (Table 1) . Patients were followed up weekly for the first 6 weeks, and twice a month thereafter.
Statistical analysis
Each of the 5 predictors was analysed with the final outcome. All independent variables were analysed together, using multiple regression analysis. A receiver operating characteristic (ROC) curve was plotted with the CSIRPS to obtain the critical value that could predict walkers from non-walkers. Accuracy of the scale was shown by area under the curve (concordance index). 7 More than 90% area under the curve indicates excellent accuracy. Differences between each of the predictors and CSIRPS were compared using the Chi squared test. The Chi squared statistic was the sum of the squares of the differences of observed and the expected frequency divided by the expected frequency for every cell. The Yates' correction for continuity was used in the Chi squared test as the degree of freedom was one for the contingency table. 8 Contingency coefficient (degree of association of dependence of the predictors in the frequency table) was also measured.
RESULTS
Patient distribution of the 5 predictors and CSIRPS with outcome is shown ( Table 2 ). Chi squared value for CSIRPS was 55.771 and contingency coefficient was 0.694 (p<0.0001), both of which were highest among each predictor's corresponding values ( Table 3) .
The critical values of each predictor were optimal and determined by the ASIA scale at the followup. As all the predictors measured had a very high independent correlation with outcome, data were further analysed after excluding the patients in ASIA A and B groups, as none of them improved on followup. The p values of all predictors became insignificant ( Table 3 ). The predictability of regaining functional recovery (walking abilities) based on CSIRPS as compared to other variables (as reflected by p values, chi squared values and contingency coefficients) increased yet more after excluding patients in ASIA A and B groups.
Moreover, it was statistically significant when the ROC curve was plotted to analyse the sensitivity and specificity of CSIRPS for its accuracy in the prediction of neural recovery. With 100% coverage area under the ROC curve, the critical value of 50 was identified with a sensitivity and specificity of 100% (Fig.) . All the patients with CSIRPS above this level regained 
* No. of patients are shown 
DISCUSSION
Traumatic CSI is a health care burden for society. In the US, the incidence of such an injury is 23 to 55 cases per million persons per year, and rising. 9 Identifying the predictors of neural recovery can help patients to anticipate treatment outcomes. Many variables correlate with neurological recovery, but most studies consider only one variable at a time; studies of comprehensive correlations involving all these variables are few. Stability of the cervical spine is defined as the ability of the spine under physiologic loads to maintain its pattern of displacement so that there is no initial or additional neurologic deficit, no major deformity, and incapacitating pain. 10 Clinical assessment using the ASIA score generates direct 'live' evidence of cord function after the injury. Treatment outcomes can be predicted with a reasonable degree of certainty in acute CSI cases with ASIA A and E grades of neurological impairment. The degree of prediction uncertainty is greater for grades C and D, in which a reliable tool is needed to predict treatment outcome.
The radiological criteria (namely loss of anterior vertebral body height, angle of kyphosis, and instability) are indications of spinal structure damage but not necessarily of damage to the spinal cord. Besides, they are static images and thus provide
Figure
Receiver operating characteristic curve identifies the critical value as 50; 100% of the area is under the curve at this value, with sensitivity and specificity of 100. the useful functions on follow-up, whereas patients with the score below this level did not.
only indirect evidence of cord damage. Although MRI provides direct evidence of cord damage and is superior to other radiological tools, it is unable to reveal cord function, which is the most important predictor of outcome.
In our study, point values of each predictor were weighted based on consensus and experience, and the total effect was computed using the CSIRPS (Table 1 ). The ROC curve was plotted to analyse the sensitivity and specificity of CSIRPS for its accuracy in predicting neural recovery. It showed 100% coverage area under the curve and identified a critical value of 50 (Fig.) . The total effect of all predictors contributed to the predicting power of the CSIRPS.
This study had several limitations. The sample size was small. As the significance (p value) was directly related to the sample size, 11 it may be imprudent to draw firm conclusions from such a small sample (pilot) study. Therefore, the comprehensive CSIRPS should be subjected to multicentre validity studies with large numbers of spinal trauma patients having longer periods of follow-up.
